
CHAPTER 5.--COMMUNICATION SYSTEM DESIGN AND IMPROVEMENT 

5.1 In t roduc t ion  

Th i s  chap te r  ana lyses  t h e  parameters 
i n f luenc ing  i n i t i a l  des ign  of communica- 
t ion  systems. f o r  new mines and upgrading 
e x i s t i n g  systems. 

Paragraph 5.2 o u t l i n e s  those  va r i a -  
b l e s  t h a t  must be taken  i n t o  account dur- 
i n g  t h e  des ign  s t a g e s  of a new wired 
phone system. Recommended f e a t u r e s ,  gen- 
e r a l  requirements ,  and how they can be 
implemented a r e  t r e a t e d  i n  t h i s  s ec t i on .  

Paragraph 5.3 desc r ibes  ways of 
improving o r  ex tending  t h e  range of t r o l -  
l e y  c a r r i e r  phone systems and pager phone 
systems a l ready  i n s t a l l e d  i n  t h e  mine. 

5.2 New Phone System Design 

The t a s k  of des ign ing  an adequate  
communication, c o n t r o l ,  and monitoring 
system f o r  an underground mine must be 
addressed on a system bas i s .  I n  a d d i t i o n  
t o  i n s u r i n g  t h a t  e f f e c t i v e  vo ice  communi- 
c a t i o n  is  e s t a b l i s h e d ,  any new system 
should t ake  i n t o  account presen t  and 
f u t u r e  requirements  of remote c o n t r o l  and 
monitor ing func t ions .  Chapter 4 i l l u s -  
t r a t e d  t h e  d r a s t i c  sav ings  i n  response 
t ime t h a t  can be r e a l i z e d  when remote 
c o n t r o l  and monitor ing a r e  i n t e g r a t e d  
i n t o  t h e  o v e r a l l  communication system. 
The importance of i nc lud ing  c o n t r o l  and 
monitor ing i n  t h e  o v e r a l l  des ign  p lan  f o r  
any system cannot be overemphasized. 

Because each mine is unique, and 
t h u s  u sua l ly  has i t s  own s p e c i a l  opera t -  
i n g  c h a r a c t e r i s t i c s  and communication 
requi rements ,  t h e r e  is  no such th ing  a s  
" t h e  one b e s t  system" t o  meet t h e  
requirements  of a l l  mines. The o p t h u m  
communication, c o n t r o l ,  and monitoring 
system f o r  a mine must be one t h a t  has  
been t a i l o r e d  t o  meet t h e  s p e c i a l  
requirements  of t h a t  p a r t i c u l a r  mine. 
Fac to r s  t h a t  must be considered dur ing  
system des ign  include-- 

a .  Type of mine and mining methods 
(low- o r  high-seam c o a l ,  deep hardrock 

mine,, s t ope  caving,  longwall ,  room and 
p i l l a r ,  e t c .  ). 

b. Maximum number of working 
s e c t i o n s .  

c. Expected mine growth r a t e  and 
eventua l  maximum s i z e .  

d. Haulage methods ( t r acked  t r o l -  
l e y ,  d i e s e l ,  b e l t ,  e t c . ) .  

e m  Underground power d i s t r i b u t i o n  
system (dc ,  ac ,  o r  both) .  

f .  Fea tures  des i r ed  (two-way r ad io  
paging, p r i v a t e  l i n e  c a p a b i l i t y  f o r  emer- 
gency use ,  e t c . ) .  

g. Redundant o r  backup systems 
f o r  u se  dur ing  outages of t h e  normal 
s y s  tlem. 

Although no two mines a r e  a l i k e ,  t he  
fo l l~owing  items have been e s t a b l i s h e d  a s  
t h e  !main c h a r a c t e r i s t i c s  d e s i r e d  f o r  any 
underground communication system: 

1. Mult iple  Communication Paths  t o  
Outside--the ob j ec t ive  he re  is  t o  g ive  
a l l  te lephones a second method of commu- 
n i c a t i n g  wi th  t h e  su r f ace .  

2. Audible Emergency Signaling--the 
communication system provides  t h e  main 
means of a l e r t i n g  miners dur ing  emergen- 
c i e s .  The system should inc lude  means t o  
broadcas t  d i s t i n c t  aud ib l e  s i g n a l s  f o r  
emergency s igna l ing .  I n i t i a t i o n  of these  
s i g n a l s  should probably be con t ro l l ed  
from. a c e n t r a l  ou t s ide  p o i n t ,  such a s  a 
s u r f a c e  c o n t r o l  room. 

3. Emergency Override--provisions 
should be included t o  permit any con- 
v e r s a t i o n  t o  be overr idden wi th  emergency 
communication. 

4. S e l e c t i v e  Area Page--as mines 
grow l a r g e r  i t  is apparent  t h a t  t h e  
e n t i r e  te lephone system paging mode need 
no t  be a c t i v a t e d  each time a c a l l  is 
i n i t i a t e d .  When t h e  gene ra l  a r e a  of a 



n a t e  te lephone use. Since t he se  a c t i v i -  
t i e s  tend t o  o r i g i n a t e  on t h e  b a s i s  of 
mine "a reas , "  i t  appears  t h a t  providing 
d i f f e r e n t  a r e a s  of t h e  mine wi th  a  sepa- 
r a t e  communication c i r c u i t  could meet t h e  
s imultaneous conversa t ion  need and main- 
t a i n  c i r c u i t  s i m p l i c i t y .  

person t o  be paged is  known, only t he  gage wire  is  chosen t o  improve t h e  ten- 
pagers  i n  t h a t  a r e a  would be ac t i va t ed .  s i l e  s t r e n g t h  of the  wi re ,  a s  wel l  a s  t o  

reduce t he  o v e r a l l  r e s i s t a n c e  of t h e  run. 
5. Simultaneous Conversation Capa- 

b i l i ty - -a l though t h e  u l t ima te  f o r  t h i s  TABLE 5-1. - Single-pair  cab le  
c h a r a c t e r i s t i c  would be a  p r i v a t e  l i n e  

6. Manual o r  Automatic Connection 
Between Subsystems--provisions must be 
made f o r  connect ing te lephones w i th in  t h e  
te lephone system, and provis ions  should 
be made f o r  connect ing t h e  te lephone sys- 
t e m  i n t o  t h e  o t h e r  communication systems 
used a t  t h e  mine. 

f o r  each te lephone,  t h i s  channel capac i ty  
may not  be necessary i n  some mines. I n  
g e n e r a l ,  each working s e c t i o n  does no t  
produce much communication a c t i v i t y .  
Haulage and maintenance a c t i v i t i e s  domi- 

7. Remote Signaling--the des ign  of 
t h e  te lephone equipment and c i r c u i t s  
should be compatible wi th  frequency d i v i -  
s i o n  mult iplexed equipment s o  f requenc ies  
above 3,000 Hz can be used f o r  c o n t r o l  
and monitor ing app l i ca t i ons .  

- 

5.2.1 Wired Phone Systems 

The op t ions  open t o  a  des igner  dur- 
i n g  planning s t a g e s  f o r  a  hard-wired 
phone system inc lude  

S ingle-pa i r  phone system 

Mul t ipa i r  phone system 

Mult iplexed phone system 

5.2. l a  Single-Pair Sys t e r n  

Many d i f f e r e n t  types of wi re  can be 
used f o r  s ing l e -pa i r  (pa r ty - l i ne  
i c a t i o n  systems ( t a b l e  5-1). 
gage wire  may be s a t i s f a c t o r y  i f  
b e r  of te lephones i n  t h e  system 
and t h e  d i s t a n c e  between them 

) commun- 
Smaller 

t h e  num- 
is small 

is sho r t .  

An inexpensive wire  used f o r  i n t e r -  
connect ing mine phones is  v iny l -p l a s t i c -  
coa ted ,  18-gage, two-wire, twisted-pair  
bu i ld ing  wire. Unjacketed wire  of t h i s  
type provides l i t t l e  environmental pro- 
t e c t  ion  f  o r  t h e  copper conductors ; there-  
f o r e  i t  must be l oca t ed  ou t  of t h e  way of 
t h e  mining equipment and c a r e f u l l y  sus- 
pended t o  avoid moisture pene t ra t ion .  

Descr ip t ion  

P l a s t i c - in su l a t ed  
nonj acke t ed  bui ld-  
i n g  wire........... 

Type SO, neoprene- 
jacke ted  po r t ab l e  
cable.............. 

Buried d i s t r i b u t i o n  
wire............... 

P l a s t i c  drop wire 
(copper-clad s t e e l )  

The 14-gage neoprene-j acketed type 
( s e e  f i g .  5-1) is  recommended f o r  most 
underground app l i ca t i ons .  The g r e a t e r  
mechanical s t r e n g t h ,  reduced loop r e s i s t -  
ance,  and supe r io r  moisture  r e s i s t a n c e  of 
t h i s  cab l e  makes i t  i d e a l  f o r  communica- 
t i o n  app l i ca t i ons .  

The b e s t  method of g e t t i n g  a  f e e l  
f o r  t h e  design cons ide ra t i ons  of a  
s i n g l e - p a i r  system is  t o  des ign  a  system 
f o r  a r e p r e s e n t a t i v e  moderate-sized mine. 
An example of such a  mine i s  shown i n  
f i g u r e  5-2. This mine has t he  fol lowing 
c h a r a c t e r i s t i c s :  

Wire 
gage, 

AWG 

18 

18 
16 
14 

19 

18 

However, f o r  most a p p l i c a t i o n s ,  a  l a r g e r  FIGURE 5-1. - Single-pair type SO neoprene cable, 

Loop r e s i s t -  
ance,  ohms 

pe r  mile 

67 

67 
42 
27 

83 

223 
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FIGURE 5 2 .  - Single-pair installation in typical mine. 

Less than  2 years  o ld  

6 square mi les  i n  t o t a l  a r e a  

3.5 mi les  of main haulageway 

0.8-mile-long average submain 

Average panel  s i z e  of 800 f e e t  by 
2,100 f e e t  

Average working s e c t i o n  s i z e  of 
300 f e e t  by 400 f e e t  

5 working s e c t i o n s  pe r  s h i f t  

A maximum of 6 a c t i v e  working 
s e c t i o n s  

17 f ixed  mine pager phones p re sen t ly  
i n s t a l l e d  

The f ixed-telephone,  s ing le-pa i r  
communication system shown i n  f i g u r e  5-2 
complies with t h e  Federal  Coal Mine 

Heal th  and Safety Act of 1969, i n  t h a t  i t  
provides two-way communication between 
t h e  su r f ace  and each working sec t ion .  
Addi t iona l  phones were i n s t a l l e d  a t  t he  
i n t e r s e c t i o n s  of t he  main haulageway and 
t h e  submains, and a t  t h e  i n t e r s e c t i o n s  of 
t h e  submains and t h e  b u t t  e n t r i e s  t o  a l l  
a c t i v e  sec t ions .  

Based on t h e  phys ica l  cha rac t e r i s -  
t i c s  of t h e  mine, t h e  t o t a l  l eng th  of 
s ing le -pa i r  cab le  requi red  can be calcu- 
l a t e d  f o r  t h i s  s t a g e  of development a s  
fo l lows  : 

Miles 

1 main haulageway......... 3.5 
3 submains (0.8 mile  
each).................... 2.4 

6 a c t i v e  sec t ions  
(3,000 f e e t  per  s ec t ion ) .  3.4 

Total................ 9.3 

The 3.4 mi les  of s e c t i o n  cable  as- 
sumes t h e  reuse  of t h e  cable  as t h e  work- 
i n g  s e c t i o n s  move from one panel  t o  
another.  A t  t h i s  s t a g e  i n  t he  mine's 
development, 15 panels  have been dr iven  
o r  a r e  being dr iven  which would have 
requi red  8.5 miles  of s e c t i o n  cable  i f  
r eus ing  i t  had not  been assumed. There- 
f o r e ,  t he  t o t a l  cable  miles  needed a r e  

9.3 i f  s e c t i o n  cable  reused 

14.4 i f  s e c t i o n  cable  ne t  reused 

The l e a s t  expensive wire  f o r  t h e  
above a p p l i c a t i o n  is p l a s t i c - in su la t ed ,  
nonjacketed 18 AWG bui ld ing  wire. How- 
ever ,  t h e  high loop r e s i s t a n c e  (67 ohms 
pe r  mi le )  of t h e  18-gage wire  w i l l  make 
f u t u r e  expansion imprac t i ca l ;  t he re fo re  
we should cons ider  a l a r g e r  gage wire. 

A more s u i t a b l e  cable  due t o  i t s  low 
loop r e s i s t a n c e  is 14 AWG, type SO, neo- 
prene wire. The 14 AWG neoprene cable  
uses  annealed copper conductors so  t h a t  
i t  can withstand severe  mechanical abuse. 
(The cable  is  designed f o r  use a s  power 
supply cable  on po r t ab l e  equipment.) I f  
t h e  3,000 f e e t  of 14 AWG neoprene wire 
used f o r  each a c t i v e  s e c t i o n  is mounted 



on a  r e e l  and t r a v e l s  with t he  working r ep l ac ing  the  s ing l e -pa i r  cab le  i n  t he  
s e c t i o n  phone i n t o  t h e  pane l ,  then we can main haulageway and t h e  submains with 
p l a n  on reus ing  t h i s  wi re  when developing m u l t i p a i r  cable .  I n  a  new mine, i t  would 
f u t u r e  panels .  The c o s t  of expanding t o  mean c a l c u l a t i n g  t he  maximum channel 
6  submains and 60 panels would involve  requirements  expected during t h e  l i f e  of 
only t h e  a d d i t i o n a l  wi re  f o r  3  submains, t h e  mine and spec i fy ing  t h e  proper m u l t i -  
assuming we can reuse  t h e  s e c t i o n  wire. p a i r  d i s t r i b u t i o n  system. 

The economic importance of reus ing  
s e c t i o n  wi re  can be e l abo ra t ed  on by t h e  
fo l lowing  c a l c u l a t i o n s  f o r  54 lengths  of 
a d d i t i o n a l  s e c t i o n  wi re  needed t o  reach 
t h e  6-submain development s t a g e  i f  t h e  
s e c t i o n  wi re  i s  no t  reused. Each l eng th  
i s  3,000 f e e t ,  o r  0.57 mile. 

54 l eng ths  x 0.57 mi le  per  l eng th  
= 30 mi les  of a d d i t i o n a l  cab l e  

The c o s t  of t h i s  a d d i t i o n a l  cab l e  
can  be a  s i g n i f i c a n t  p a r t  of t he  t o t a l  
c o s t  of t h e  e n t i r e  s ing le -pa i r  system. 
Although m a t e r i a l  c o s t s  a r e  g r e a t l y  
reduced i f  s e c t i o n  wi re  i s  reused,  some 
a d d i t i o n a l  l abo r  c o s t s  a r e  involved i n  
t h e  removal of cab le  once a  panel has 
been completed. 

Another a l t e r n a t i v e  t h a t  can be 
employed is t o  use  high-qual i ty  14 AWG 
w i r e  f o r  t h e  main and submains, and then  
u s e  a  l e s s  expensive l i g h t e r  gage wi re  
f o r  t h e  panels  and no t  reuse  t h i s  wire. 
A low-cost 18-gage bu i ld ing  wire  may be 
accep tab l e  a s  s e c t i o n  wi re ,  because i t s  
h igh  r e s i s t a n c e  is  no t  a  problem f o r  t h e  
s h o r t  l eng th  involved. 

5.2.lb Mul t ipa i r  Systems 

A s ing l e -pa i r  cab le  system r e s t r i c t s  
t h e  mine communication system t o  a  
s ingle-channel  mu l t i pa r ty  conf igura t ion .  
In t roduc ing  m u l t i p a i r  cab le  i n t o  t he  mine 
communication system al lows one t o  expand 
t h e  number of channels t o  whatever i s  
necessary  f o r  e f f i c i e n t  vo ice  t r a f f i c .  
I n  an e x i s t i n g  mine, t h i s  would mean 

The hardware f o r  a  m u l t i p a i r  system 
i s  of proven r e l i a b i l i t y  and has s tood 
t h e  t e s t  of time. A l l  of t he se  m a t e r i a l s  
have been used f o r  a e r i a l  d i s t r i b u t i o n  
systems i n  t h e  telephone indus t ry  and 
were r e f ined  over t he  years  t o  su rv ive  i n  
any p a r t  of t h e  world with a  minimum of 
prevent ive  maintenance. Because i t  was 
designed t o  be i n s t a l l e d  and maintained 
by linemen working i n  a l l  k inds  of 
weather while  s tanding  on l a d d e r s ,  on 
a e r i a l  p la t forms ,  o r  i n  manholes, m u l t i -  
p a i r  equipment can be handled by e lec-  
t r i c i a n s  i n  t h e  underground environment. 
The only new s k i l l  t h a t  mine personnel  
may have t o  l e a r n  is  t h e  s p l i c i n g  of 
small-diameter wires.  However, crimp- 
type s p l i c e  connectors a r e  a v a i l a b l e  t o  
s imp l i fy  t h e  s p l i c i n g  of m u l t i p a i r  
cab les .  

Table 5-2 shows the  major charac te r -  
i s t i c s  of m u l t i p a i r  cab le  a v a i l a b l e  from 
telecommunication cab le  manufacturers.  
Figure-8 cab le  is  recommended f o r  t h e  
mine a p p l i c a t i o n  because t h e  messenger 
wi re  adds cons iderab le  t e n s i l e  s t r e n g t h  
t o  t h e  cab le ,  and the  i n s t a l l a t i o n  is  
s i m i l a r  t o  t h a t  of t r o l l e y  wire. 

The previous s e c t i o n  descr ibed  a  
s ing l e -pa i r  cab le  system using a  repre-  
s e n t a t i v e  moderate-size f i c t i t i o u s  mine. 
The same mine w i l l  be used t o  analyze a  
m u l t i p a i r  cab le  system ( f i g .  5-3). 

Using a  cab le  d i s t r i b u t i o n  and load- 
i ng  p lan  t h a t  w i l l  al low the  s e r v i c i n g  of 
no more than  two s e c t i o n s  per  twis ted  
p a i r ,  a  minimum of t h r e e  p a i r s  is  

TABLE 5-2. - Range of m u l t i p a i r  cab les  commercially a v a i l a b l e  

Number of pairs................................... 3-400 
Messenger s i z e  (diameter)...................inch.. 0.134-0.250 
Conductor size...............................AWG.. 26-19 
Conductor dc r e s i s t a n c e  a t  68O F...ohms per  mile.. 43-220 
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FIGURE 53. - Multipair installation in typical mine. 

required t o  handle the  s i x  working sec- 
t ions .  The main haulageway phones con- 
nected across  a s i n g l e  par ty  l i n e  requi re  
a n  add i t iona l  p a i r  f o r  a t o t a l  of four 
p a i r s ,  each of which extends back t o  a 
cen t ra l i zed  loca t ion  such as  the  d is -  
pa tcher ' s  of f ice .  A s ix-pair  cable  
placed i n  the  main haulageway w i l l  accom- 
modate the  above required p a i r s  while 
leaving an e x t r a  two p a i r s  f o r  f u t u r e  
expansion. Three-pair cable may be ap- 
p ropr ia t e  f o r  the  submains because no 
more than four  sec t ions  w i l l  be a c t i v e  
per  submain a t  any one time. A s ingle-  
p a i r  cable  can be used between the  panel 
e n t r y  phone, located  i n  the  submain, and 
t h e  sec t ion  phone, which must move with 
t h e  sec t ion  crew. 

Due t o  the  3.5-mile length of the  
main haulageway and assuming t h a t  a maxi- 
mum of seven phones w i l l  be connected 
i n  p a r a l l e l  across  one p a i r ,  a 19-gage 

six-pair  cable has been se lec ted  f o r  the  
haulageway. The submains with only two 
phones per  p a i r  and run lengths of less 
than 1 mile can use 22-gage wire. A 
s p l i c e  case a t  every t h i r d  sec t ion  en t ry  
should be s u f f i c i e n t  i n  t h i s  appl ica t ion  
and w i l l  reduce labor cos ts .  

The sec t ion  cable can be a s i n g l e  
p a i r  but must be s t rong enough t o  with- 
s tand the  wear caused by the  almost con- 
s t a n t  phone re loca t ing  required i n  the  
working sect ion.  A 3,000-foot r e e l  of 
wire  t h a t  t r a v e l s  with the  sec t ion  phone 
would reach any loca t ion  i n  an 800- by 
2,100-foot panel. P l a s t i c  drop wire has 
been chosen f o r  the  sec t ion  cable. This 
w i r e  is made up of two 18 AWG copper- 
covered s t e e l  wires l a i d  i n  p a r a l l e l  and 
coated with a black f lame-resistant  poly- 
v iny l  chlor ide  insula t ion .  The high 
s t r e n g t h  of t h i s  cable allows f o r  long 
spans which make f o r  quick temporary in- 
s t a l l a t i o n s  and a l s o  reuse of the  cable. 
A s t a i n l e s s  s t e e l  drop wire clamp can be 
hooked t o  roof b o l t s  or  na i led  t o  timbers 
f o r  support. 

I n  cos t  comparisons between single-  
p a i r  and mul t ipa i r  systems (2 ) , l  - the  w i r -  
i n g  cos t s  f o r  mul t ipa i r  i n s t a l l a t i o n s  
were less expensive because the  smaller  
gage wire allowed i n  the  mul t ipa i r  cable ,  
due t o  fewer phones placed i n  p a r a l l e l  
per  p a i r s ,  kept the  per-mile cos t  of 
mul t ipa i r  cable competitive with t h a t  of 
the  l a r g e r  gage single-pair  cable. 

Two quest ions worthy of considera- 
t i o n  a t  t h i s  point  a r e ,  How w e l l  does a 
mul t ipa i r  communication system meet t h e  
needs of the  mine user? and What 
improvements can be incorporated i n t o  a 
mul t ipa i r  system t h a t  a r e  not poss ib le  
with the  present  day single-pair  mine 
telephone system? 

Advantages 

More Channels.--Using mul t ipa i r  ca- 
b l e ,  a system can be designed with a s  

l ~ n d e r l i n e d  numbers i n  parentheses re- 
f e r  t o  items i n  t h e  bibliography a t  the  
end of t h i s  chapter .  



many channels as are deemed necessary 
for the particular application, the only 
limits being cost and complexity. 

Private Channels.--Individual pairs 
can be assigned to each working section, 
thereby producing a private channel 
between the section and the mine commu- 
nications center. 

Zone Paging.--The communication ten- 
ter can page over an individual pair 
so that only the section of the mine 
concerned with the transmission need be 
disturbed. This would eliminate the 
present situation of requiring miners in 
all sections to listen to all pages. 

Direct Dialing.--Pairs can be dedi- 
cated to connect underground dial phones 
directly to the company's private auto- 
matic branch exchange (PABX) or directly 
to a central office through an approved 
interface. This would allow key loca- 
tions in the mine to dial each other, 
place outgoing calls, or receive incoming 
calls via the local exchange without 
relaying messages through the communica- 
tion center. Provisions for preventing 
abuse of the latter two features could 
also be included. 

Remote Monitoring.--Extra pairs in 
the cable may be used for monitoring the 
mine environment and/or equipment. 

Disadvantages 

Increased Operating Costs.--A multi- 
- -- - 

pair system incorporating all of the 
above advantages will cost more than a 
single-pair system, even though the 
multipair cable may cost less than the 
single-pair cable. This is due to the 
additional cost of a central switching 
equipment required for multipair systems. 
For a particular application, the 
increased efficiency and other benefits 
must be weighed against the added in- 
stallation and maintenance costs in order 
to establish its true worth. 

Training Costs.--The maintenance per- 
sonnel assigned to install and main- 
tain this equipment will have to be 

trained to use the different splicing 
techniques required and to troubleshoot 
this somewhat more complex system. 

5.2.1~ Multiplexed Phone Systems 

Multiplex telephone systems achieve 
their private channel capability via 
electronic means on a single cable. rr 

Multiplexing can be via time division 
multiplexing (TDM) or frequency division 
multiplexing (FDM). Although TDM systems 
have been developed and provide certain 
advantages, a multitude of disadvantages 
tend to make this type of multiplexing 
unattractive for mine telephone systems. 

FDM systems have been developed and 
tested in underground mines with consid- 
erable success. These systems can be 
divided into ones that require a central 
switching station for system control and 
those that do not. In a central switch- 
ing system, most if not all of the system 
intelligence resides in the central unit 
which assigns frequencies, provides power 
for the phones, and generates ringing and 
busy signals. These systems are gener- 
ally permitted only in nongassy mines. A 
serious disadvantage of such a system is 
that a failure in the central unit can 
render the entire system inoperative. 

A system that does not rely on a 
central switching unit has been developed 
by the Bureau of Mines. The system is 
based upon microprocessor control, where 
intelligence is resident in each tele- 
phone. Eight-channel voice or data com- 
munications is possible. The system uti- 
lizes FDM at medium frequencies (340-650 
kHz) and is designed for a 10-mile cable 
plant. A failure of any one phone nor- 
mally affects the multiplex feature of 
that phone only. Each phone also in- 
cludes a resident pager phone capability 
such that even a total failure of the 
microprocessor intelligence will not 
normally inhibit a user from making a 
call. This feature is essential in any 
modern telephone system for underground 
mines. Supervisory feedback and a vis- 
ual message-leaving capability (as is 
required in several States) are also 
included. 



5.2.2 Cable S e l e c t i o n  

Telephone t r a n s m i s s i o n  i s  made over  
w i r e s  which r e p r e s e n t  a  c o n s i d e r a b l e  
f r a c t i o n  of t h e  c o s t  of any t e lephone  
system. A s  an  example, f i g u r e  5-4 shows 
t h r e e  broad c a t e g o r i e s  of equipment i n  
which t e lephone  companies i n v e s t  . The 
" t r a n s m i s s i o n "  c a t e g o r y  no t  only r e p r e -  
s e n t s  wires, but  a l s o  i n c l u d e s  m u l t i p l e x  
sys tems ,  microwave systems,  and o t h e r  
w i r e  s u b s t i t u t e s .  S ince  t r a n s m i s s i o n  
equipment accounts  f o r  about  h a l f  of t h e  
t o t a l  inves tment ,  t e l ephone  companies pu t  
c o n s i d e r a b l e  e f f o r t  i n t o  p lann ing  t h e  
l a y o u t  and t h e  growth of t h e i r  t r ansmis -  
s i o n  f a c i l i t i e s .  Cable c o s t s  account  f o r  
even a  g r e a t e r  p e r c e n t  of t h e  expense i n -  
volved i n  an  underground communication 
system. T h e r e f o r e ,  mine p l a n n e r s  should  
a l s o  c a r e f u l l y  p l a n  t h e  ne tqork  and re- 
v i s e  t h e  p l a n  on a  schedu led  b a s i s .  

The g e n e r a l  environment i n  an  under- 
ground mine imposes s e v e r e  p h y s i c a l  r e -  
quirements  on communication cab le .  Insu- 
l a t i o n  i s  r e q u i r e d  t o  w i t h s t a n d  exposure  
t o  m o i s t u r e ,  a b r a s i o n ,  and rough han- 
d l i n g ;  t o  a f f o r d  p r o t e c t i o n  a g a i n s t  some 
l e v e l  of a c c i d e n t a l  c o n t a c t  w i t h  h i g h e r  

FIGURE 5 4 ,  - Telephone company investments, 

v o l t a g e s ;  and t o  no t  suppor t  combustion 
i n  c a s e  of f i r e .  

Twis ted-pair  c o n s t r u c t i o n  is  advised 
t o  reduce  t h e  e f f e c t s  of induced n o i s e  o r  
i n t e r f e r e n c e .  The 14 AWG sol id-conductor  
t w i s t e d  p a i r ,  w i t h  s u i t a b l e  i n s u l a t i o n  
d i e l e c t r i c  and o u t e r  p r o t e c t i v e  j a c k e t  is 
very  rugged, and w i l l  w i ths tand  t h e  rough 
handiling and stress imposed by a b r a s i o n  
agai .ns t  t imbers  o r  f a l l i n g  d e b r i s .  For 
t h e  s m a l l e r  d iamete r  wires, such a s  
19 AWG, a  f i g u r e - 8  c a b l e  is  recommended. 
I n  t h i s  c o n s t r u c t i o n ,  a  s t e e l  "messenger" 
o r  suppor t  w i r e  i s  added t o  t h e  twis ted-  
p a i r  bundle ,  so  t h a t  t h e  o v e r a l l  c r o s s  
s e c t i o n  resembles  a  f i g u r e  8. The s t e e l  
messenger c a b l e  p rov ides  a d d i t i o n a l  
s t r e n g t h  and suppor t  s o  t h a t  minimum 
s t r a i n  i s  a p p l i e d  t o  t h e  s i g n a l - c a r r y i n g  
t w i s t e d  p a i r .  

S o l i d  conductor  is  a d v i s e d ,  r a t h e r  
t h a n  t h e  more e a s i l y  handled m u l t i s t r a n d  
wire .  The m u l t i s t r a n d  c a b l e  is  s u b j e c t  
t o  c o r r o s i o n  bu i ldup  on t h e  s u r f a c e  of 
t h e  i n d i v i d u a l  conductor s t r a n d s ,  which 
i n  t ime could  reduce t h e  c o n d u c t i v i t y  of 
a  s p l i c e  o r  connec t ion  and become t h e  
s o u r c e  of added n o i s e  and reduced s i g n a l  
l e v e l .  Condi t ions  w i t h i n  an underground 
mine d i c t a t e  t h e  u s e  of press-on o r  
twis t -on connec tors  a s  common p r a c t i c e  t o  
comlplete a  s p l i c e .  Such p r a c t i c e s  a r e  
n o t  compat ible  w i t h  t h e  u s e  of mul t i -  
s t r a n d  w i r e .  

The cho ice  of w i r e  s i z e  is  d e t e r -  
mined by t h e  c o n f i g u r a t i o n  of t h e  t e l e -  
phone system and t h e  t y p e  of phone i n  
use .  Major f a c t o r s  t o  c o n s i d e r  i n  t h e  
c h o i c e  of w i r e  s i z e  a r e  t h e  t o t a l  l e n g t h  
of c a b l e  run ,  t h e  number of phones i n  t h e  
c i r c u i t ,  t h e  average  d i s t a n c e  between t h e  
phones,  and t h e  c h a r a c t e r i s t i c s  of t h e  
r i n g i n g  o r  c a l l i n g  c i r c u i t  i n  each phone. 

I n  pager phone systems,  t h e  paging 
r e l a y  c i r c u i t  is  one of t h e  more c r i t i c a l  
pa ramete rs  t o  c o n s i d e r  i n  t h e  cho ice  of 
pager  phone w i r e  s i z e .  The normal aud io  
s i g n a l  imposed on t h e  c a b l e  i s  about  1  t o  
2  M[W; t h i s  s i g n a l  l e v e l  is  s u f f i c i e n t  t o  
ope . ra te  a  phone r e c e i v e r  a t  s a t i s f a c t o r y  



volume over s e v e r a l  miles  of cab le  a s  
smal l  a s  19 AWG. The l i m i t i n g  condi t ion  
i s  t h e  a b i l i t y  t o  r e l i a b l y  ope ra t e  t h e  
paging r e l ays .  I n  t h i s  regard ,  t h e  cab le  
impedance, o r  r e s i s t a n c e  per  u n i t  l eng th ,  
a s  i t  a f f e c t s  t he  a v a i l a b l e  dc vo l tage  a t  
t h e  paging r e l a y ,  i s  more i n f l u e n t i a l  
t han  audio l o s s .  Ca l cu l a t i on  of t h e  min- 
imum wire  s i z e  t h a t  w i l l  i n s u r e  r e l i a b l e  
ope ra t i on  of a l l  paging r e l a y s  must t ake  
i n t o  account t h r e e  major parameters:  
paging c i r c u i t  impedance, b a t t e r y  vo l t -  
age,  and wire  l o s se s .  

Some pager phones use  electromechan- 
i c a l  r e l a y s  t h a t  have an  impedance of 
about  2,500 ohms while  o t h e r  systems use 
e l e c t r o n i c  o r  semiconductor switching 
c i r c u i t s  t h a t  have an  impedance of from 
8,000 t o  50,000 ohms. The minimum dc 
vo l t age  requi red  t o  ope ra t e  any of t he se  
r e l a y s  i s  about 1.5 t o  4  v o l t s .  To 
i n s u r e  a  s a f e t y  margin, i t  i s  recommended 
t h a t  a t  l e a s t  5  v o l t s  dc be a v a i l a b l e  a t  
a l l  te lephone paging r e l ays .  It i s  eas- 
i e r  t o  ob t a in  t h i s  minimum vo l t age  wi th  
t h e  h igher  impedance c i r c u i t s .  

Avai lab le  b a t t e r y  vo l tage  i s  a  func- 
t i o n  of t h e  condi t ion  of t h e  b a t t e r y  and 
t h e  load i t  must opera te .  I n  a  12-volt 
system, t h e  b a t t e r y  is  a t  t h e  end of i t s  
u s e f u l  l i f e  when t h e  dc vo l tage  under 
load  condi t ion  approaches 8  v o l t s .  For a  
24-volt system, a  b a t t e r y  i s  a t  t h e  end 
of  i t s  u s e f u l  l i f e  when t h e  a v a i l a b l e  dc 

TABLE 5-3. - E f f e c t  of 

(Electromechanical  

vo l tage  under load approaches 16 v o l t s .  
There i s  no s p e c i f i c  time a t  which the  
b a t t e r y  can be i d e n t i f i e d  a s  not  usable .  
However, i t  i s  gene ra l l y  agreed t h a t  t he  
l e v e l s  j u s t  s t a t e d  a r e  t y p i c a l  of t h e  end 
of a  b a t t e r y ' s  u s e f u l  l i f e  and i n d i c a t e  
t h a t  i t  should be replaced.  

I n  many pager phones, t he  i n t e r n a l  
c i r c u i t  has been designed s o  t h a t  t h e  
t o t a l  b a t t e r y  vo l tage  i s  not  a v a i l a b l e  on 
t h e  l i n e  f o r  opera t ion  of paging r e l ays .  
C i r c u i t r y  i n  such phones can add a  s e r i e s  
dc  r e s i s t a n c e  of from 10 t o  100 ohms t o  
l i m i t  t h e  s h o r t - c i r c u i t  d r a i n  t o  l e v e l s  
of ope ra t i on  t h a t  a r e  i n t r i n s i c a l l y  sa fe .  
A pager phone system can draw s i g n i f i c a n t  
c u r r e n t  from t h e  b a t t e r y  i n  t h e  "paging" 
phone. This causes an i n t e r n a l  vo l tage  
drop which s i g n i f i c a n t l y  reduces t h e  
e f f e c t i v e  vo l tage  presented t o  t h e  l i n e .  
Est imates  of t h i s  e f f e c t ,  f o r  a  v a r i e t y  
of cond i t i ons ,  a r e  shown i n  t a b l e  5-3. 

Wire l o s s  per  u n i t  l eng th  i s  a  func- 
t i o n  of wire  diameter and system configu- 
r a t i on .  These f a c t o r s  inc lude  t o t a l  wire  
used, te lephone spac ing ,  number of 
phones, and inpu t  impedance. A l l  of 
t he se  f a c t o r s  must be considered toge the r  
i n  view of t h e  expected b a t t e r y  vo l t age  
a t  end of u se fu l  l i f e  ( 8  o r  16 v o l t s ) ,  
t h e  r e l a y  impedance (2,500 ohms o r  
g r e a t e r  than  8,000 ohms), and t h e  i n t e r -  
n a l  vo l tage  drop because of c i r c u i t  
l o s se s .  

paging c i r c u i t  impedance 

r e l a y s ,  2,500 ohms) 

Bat te ry  vo l t age ,  
dc  v o l t s  

24-volt b a t t e r y :  

24 (new).............. 

16 (near  end of l i f e ) .  

12-volt ba t t e ry :  
12 (new).............. 

8  (nea r  end of l i f e ) . .  

Limit ing 
r e s i s t a n c e ,  

ohms 

10 
100 

10 
100 

10 
100 

10 
100 

Avai lable  b a t t e r y  vo l tage  
on t h e  l i n e ,  dc v o l t s  

10-phone system 

23.75 
19 
15.5 
13 

11.8 
10 
7.8 
6.5 

20-phone system 

23.5 
18 
15.5 
12 

11.6 
8  
7.6 
6  



The s i m p l e s t  c a l c u l a t i o n  i s  t o  as -  - 

sume a  b a s i c  l a d d e r  c o n f i g u r a t i o n ,  where 
a l l  phones a r e  i n  p a r a l l e l  on t h e  same 
s i n g l e  two-wire c a b l e ,  s t r u n g  t h e  l e n g t h  
of t h e  i n s t a l l a t i o n  ( f i g .  5-5). Th i s  ba- ETC 

s i c  i n s t a l l a t i o n  i s  t h e  one most normally 
c o n s i d e r e d  when c a l c u l a t i o n s  a r e  made t o  
de te rmine  minimum w i r e  s i z e .  Tab les  5-4 
and 5-5 i n d i c a t e  t h e  minimum w i r e  s i z e  
f o r  bo th  e l e c t r o m e c h a n i c a l  and e l e c t r o n i c  
r e l a y s ,  w i t h  average  phone s p a c i n g  of 114 
and i / 2  mile. 

I n  a  12-volt  sys tem,  w i t h  e l e c t r o -  
mechanical  2,500-ohm r e l a y s ,  only  12 
hones spaced 114 mile a p a r t  over  3  miles 
c a n  be used w i t h  19 AWG w i r e .  However, 
20 phones can be used over  a 5-mile run  
i f  14 AWG w i r e  i s  used.  I f  e l e c t r o n i c  
8,000-ohm r e l a y s  were used,  t h e  24-volt 
sys tem could s u p p o r t  33 phones over 8  
miles of c a b l e  u s i n g  19 AWG w i r e .  

Tab les  5-4 and 5-5 do n o t  t a k e  i n t o  
c o n s i d e r a t i o n  l i n e  l o s s e s  caused by poor 
s p l i c e s ,  dampness, o r  d e f e c t i v e  phones. 
However, they  do i l l u s t r a t e  comparative 
c o n d i t i o n s  as a gu ide  f o r  sys tem d e s i g n  
and component s e l e c t i o n .  

C o n s i d e r a t i o n  of a  topography t h a t  
i n v o l v e s  a mul t ip le -b ranch  system may 
r e s u l t  i n  a d e s i g n  t h a t  can u s e  a s m a l l e r  
d iamete r  w i r e .  Condi t ions  i n  mines nor- 
mal ly  degrade even t h e  b e s t  of systems-- 
m o i s t u r e  causes  s i g n a l  l eakage ;  e r r a t i c  

Rw 

ETC 

R w  = LINE IMPEDANCE 

Rp - PHONE INPUT IMPEDANCE 

FIGURE 5-5. - Basic  ladder configuration. 

o r  i n c o r r e c t  branch connec t ions  and 
s p l i c e s  t end  t o  reduce performance--so 
t h a t  u s i n g  d e t a i l e d  c a l c u l a t i o n s  t o  de- 
t e rmine  marg ina l ly  u s a b l e  minimum w i r e  
s i z e  i s  n o t  a recommended p r a c t i c e .  It 
makes more s e n s e  t o  determine a  minimum 
w i r e  s i z e  f o r  s a f e  o p e r a t i n g  l e v e l  and 
t h e n  u s e  t h a t  s i z e  a s  a  gu ide  t o  s e l e c t  
o r  recommend a wi re  t h a t  meets a l l  t h e  
s p e c i f i c a t i o n s .  For mul t ip le -b ranch  con- 
f i g u r a t i o n s ,  t h e  fo l lowing  r u l e s  of thumb 
can be used t o  e s t i m a t e  minimum w i r e  s i z e  
wi thou t  e x t e n s i v e  c a l c u l a t i o n :  

1. Determine p r e s e n t  t e lephone  
c o n f i g u r a t i o n .  

TABLE 5-4. - 114-mile pager  phone s p a c i n g  

System 
12-vo l t ,  2,500-ohm r e l a y  
24-vol t ,  2,500-ohm r e l a y  

TABLE 5-5. - 112-mile  pager  phone s p a c i n g  

19 AWG 
3  miles, 12 phones 

12-vo l t ,  8,000-ohm r e l a y  
24-vol t ,  8,000-ohm r e l a y  

14 AWG 
5  miles, 20 phones 

5  m i l e s ,  20 phones 9  miles, 36 phones 

5  miles, 20 phones 
8  m i l e s ,  33 phones 

System 
12-vo l t ,  2,500-ohm r e l a y  

9  miles, 36 phones 
> 9  miles, >36 phones 

24-vol t ,  2,500-ohm r e l a y  

19 AWG 
4.5 m i l e s ,  9  phones 

12-vo l t ,  8,000-ohm r e l a y  
24-vol t ,  8,000-ohm r e l a y  

14 AWG 
7.5 miles, 15 phones 

7  m i l e s ,  14 phones 1 3  miles, 26 phones 

7.5 miles, 15 phones 
13 miles, 26 phones 

13  m i l e s ,  26 phones 
>18  miles, >36 phones 



2. Estimate probable growth of the 
telephone configuration. 

3. Sketch the future telephone 
configuration. 

4. Examine the sketch to determine 
the longest combined path that takes into 
account a majority of the telephones. 

5. From table 5-2 or 5-3 determine 
the minimum wire size for the longest 
path needs. 

6. The added loads of the other 
branches will not greatly affect the 
determination of minimum wire size and 
can be ignored for such an estimate. 

The 21 pager phones shown in the top 
panel of figure 5-6, spaced an average of 
114 mile apart, are connected in a 
branching system, which can be repre- 
sented by the impedance diagram shown in 
the bottom panel. The longest path is E 

WE 
( A )  %-MILE PAGER PHONE SPACING 

E 
( 0 )  E Q U I V A L E N T  CIRCUIT 

FIGURE 5-6. - Branching ladder network. 

to D to J, which includes 10 phones over 
about 2.5 miles of cable. If we examine 
table 5-2, we find that with 2,500-ohm 
mechanical relays in a 12-volt system, 
19 AWG wire is adequate for the 
configuration. 

This type of rule-of-thumb estimate 
is adequate to identify approximate 
requirements for wire size, but it does 
not replace necessary detailed calcula- 
tions for a major installation with many 
branches. It must also be emphasized 
that calculation of minimum wire size 
identifies the bottom limit of a marginal 
condition and good engineering practice 
dictates some margin of reliability. The 
general manufacturers1 recommendation of 
14 to 16 AWG twisted pair for systems us- 
ing 2,500-ohm electromechanical relays is 
sound, particularly for a 12-volt system. 

For systems using semiconductor pag- 
ing circuits (with impedances of 8,000 
ohms or greater), 19 AWG is usually ade- 
quate. This is particularly true for 24- 
volt systems, but also applies to most 
12-volt systems that have high-impedance 
switching circuits. 

In summary, the cable wire size de- 
pends on a series of factors that include 
the total number of telephones in an in- 
stallation, the total length of cable run 
(distance between the farthest phones), 
the configuration of branch lines, the 
available battery voltage, and the type 
of paging relay used. The preferred ca- 
ble, regardless of wire size, is a 
twisted pair of solid conductor wires, 
with individual insulation around each 
wire in the pair and an outer abrasion- 
resistant covering of waterproof, flame- 
retardant material. 

5.2.3 Summary 

The basic system choices that may be 
selected when choosing an underground 
wired phone system consist of-- 

Single pair.--This is a party line 
system in which all phones are on the 
same channel. 



Mu1tipair.--A p r i v a t e  l i n e  system performance of a t r o l l e y  c a r r i e r  system, 
w i t h  each phone o r  group of phones con- and t he  second t r e a t s  te lephone systems. 
nec ted  t o  t he  system c e n t e r  by i t s  own 
i n d i v i d u a l  wire  p a i r .  5.3.1 T ro l l ey  C a r r i e r  Phone Systems 

Multiplex.--A p r i v a t e  l i n e  system 
us ing  a s i n g l e  cab l e ,  wi th  t h e  audio t o  
and from each phone mult iplexed on to  t he  
common cab le .  

I n  a l l  of t he se  systems,  te lephone 
t r ansmis s ion  is  made over  wi res  which 
r e p r e s e n t s  a cons ide rab l e  f r a c t i o n  of t h e  
c o s t  of t h e  e n t i r e  system, Since t r a n s -  
miss ion  equipment accounts  f o r  about ha l f  
of t o t a l  investment ,  companies should put  
cons ide rab l e  e f f o r t  i n t o  planning t h e  
l a y o u t  and growth of t h e i r  t ransmiss ion  
f a c i l i t i e s  . 

I n  planning mine communication 
systems,  t h e  p a i r s  o r  voice channels  
t h a t  w i l l  be needed i n  t h e  f u t u r e  and 
t h e  mob i l i t y  of t h e  te lephones involved 
should be kep t  i n  mind. I n  a d d i t i o n ,  
p a i r s  t h a t  w i l l  be needed f o r  purposes 
o t h e r  than  f o r  te lephones ( t e l eme t ry ,  
remote monitor ing,  e t c . ) ,  which i n c i -  
d e n t a l l y  may exceed vo ice  communica- 
t i o n  needs,  should a l s o  be taken  i n t o  
account .  1 

5.3 Improving E x i s t i n g  (In-Place)  
Phone Systems 

The two types  of communication sys- 
tems commonly used t o  d a t e  i n  underground 
mines a r e  a s  fo l lows:  

C a r r i e r  c u r r e n t  r a d i o  system us ing  
t h e  t r o l l e y  l i n e ,  

Various types  of te lephone system. 

Because t h e s e  systems have gained 
such  widespread usage,  methods f o r  up- 
g rad ing  and improving p r e s e n t l y  i n s t a l l e d  
systems a r e  p resen ted  i n  t h e  fo l lowing  
s e c t i o n s .  The f i r s t  d e a l s  w i th  improving 

l Approved and nonapproved equipment may 
n o t  sha re  t h e  same cab l e s ;  check with  
MSHA f o r  d e t a i l s .  

WARNING 

Some of t he se  procedures a r e  un- 
de!rtaken wi th  t he  t r o l l e y  wi re  ener-  
gi.zed; t h e r e f o r e ,  they a r e  extremely 
halzardous. Extreme cau t ion  must be 
exe rc i s ed  t o  avoid p o t e n t i a l l y  l e t h a l  
shock. The fu se s  used i n  t h e  t e s t  
l e a d s  s e rve  only t o  p r o t e c t  equipment 
artd do not  , i n  any way reduce t h e  
shock hazard t o  personnel .  Only per- 
sonne l  thoroughly f a m i l i a r  wi th  e lec-  
t r i c a l  work on t r o l l e y  wi res  should 
conduct t h e s e  procedures.  The perma- 
nen t  connect i o n  of components should 
be done w i th  power removed. Care 
should a l s o  be taken t o  i n s u r e  t h a t  
components and equipment a r e  s u i t a b l e  
f o r  use  i n  t h e  de s i r ed  a p p l i c a t i o n .  

The t r o l l e y  c a r r i e r  phones used f o r  
d i s p a t c h  purposes i n  e l e c t r i c a l  r a i l  
haul-age mines o f t e n  show problems i n  pro- 
v id ing  coverage over  t h e  e n t i r e  haulage 
s y s  tern. D i r ec t  communication be tween t h e  
d i s p a t c h e r  and v e h i c l e s  i n  c e r t a i n  a r e a s  
of t h e  mine i s  o f t e n  d i f f i c u l t  o r  impos- 
s i b l e .  The major reason f o r  t h e s e  d i f f i -  
c u l t i e s  is  t h e  e f f e c t s  t h a t  loads  placed 
a c r o s s  t h e  t r o l l e y  wire  o r  r a i l  have on 
trarlsmission. 

Both theory and experiment show t h a t  
t h e  t r o l l e y  w i r e - r a i l  by i t s e l f  is  a r e l -  
a t i v e l y  good t ransmiss ion  l i n e  f o r  ca r -  
r i e r  phone f requenc ies .  I n  f a c t ,  on an 
unloaded t r o l l e y  w i r e - r a i l  t ransmiss ion  
l i n e ,  a d i s t a n c e  of 35 mi les  could be ex- 
pec ted  f o r  communication range. Communi-- 
c a t i o n s  over  a r e a l  t r o l l e y  w i r e - r a i l  can 
never  achieve t h i s  range because t h e  many 
loads  ac ros s  t h e  t r o l l e y  w i r e - r a i l  absorb 
and r e f l e c t  c a r r i e r  s i g n a l  power, The 
l i s t  of t h e s e  loads  is  long and i nc ludes  
r e c t i f i e r s ,  personnel  h e a t e r s ,  s i g n a l  
l i g h t s ,  v e h i c l e  motors,  v e h i c l e  l i g h t s ,  
and t h e  c a r r i e r  phone i t s e l f .  It is  
probable  t h a t  t h e  n e t  s i g n a l  a t t e n u a t i o n  



r a t e  f o r  a  t r o l l e y  w i r e - r a i l  wi th  t y p i c a l  
loads  placed a c r o s s  i t  y i e l d s  a  u s e f u l  
range a s  low a s  3.5 miles. The problem 
o f  ob t a in ing  good s i g n a l  propagat ion i s  
f u r t h e r  aggravated by branches of t h e  
t r o l l e y  wi re  where t h e  s i g n a l  s p l i t s  i n  a  
t o t a l l y  uncon t ro l l ab l e  way. Lack of 
proper  s i g n a l  t e rmina t ion  a t  t h e  ends of 
t h e  t r o l l e y  w i r e - r a i l  f u r t h e r  degrades 
s i g n a l  propagation. The veh ic l e s  repre-  
s e n t  moving loads  on t h e  t ransmiss ion  
l i n e  and add a  f u r t h e r  complicat ion t o  
ob t a in ing  o r  p r e d i c t i n g  good s i g n a l  pro- 
pagat ion.  Also, advancing t h e  mine f ace  
means t h a t  t h e  t ransmiss ion  network 
changes wi th  t i m e ,  y i e l d i n g  more uncer- 
t a i n t y  t o  t h e  q u a l i t y  of t ransmission.  

The se r iousnes s  of t h e  br idg ing  
loads  can be seen  by re fe rence  t o  f i g -  
u r e  5-7 where t h e  l o s s e s  f o r  t y p i c a l  
l oads  a r e  t abu la t ed .  Using t h i s  c h a r t ,  
one can make an e s t ima te  of t h e  t o t a l  
s i g n a l  l o s s  by adding t h e  i nd iv idua l  
l o s s e s  ( i n  dec ibe l s ) .  

I n  t h e  p a s t ,  whenever poor t r o l l e y  
c a r r i e r  communications e x i s t e d ,  a t tempts  
were made t o  remedy t h e  problem us ing  
"Z-boxes," o r  s i g n a l  couplers  t o  t h e  
phone l i n e .  Z-boxes a r e  no t  permiss ib le ,  
a r e  u sua l ly  no t  t h e  b e s t  s o l u t i o n ,  and 
may a c t u a l l y  i n t roduce  more problems then 
they solve.  Mines a r e  f u l l  of Z-boxes 
t h a t  have been disconnected and abandoned - 

because of poor performance. It is 
recommended t h a t  s o l u t i o n s  o t h e r  than 
Z-boxes be used t o  improve t h e  perform- 
ance of t r o l l e y  c a r r i e r  phone systems. 

The most s t r a igh t fo rward  way of 
t r e a t i n g  t h e  t r o l l e y  w i r e - r a i l  t o  make it 
i n t o  a  f u n c t i o n a l  c a r r i e r  s i g n a l  t r ans -  
mission l i n e  is  t o  phys i ca l l y  remove from 
t h e  t r o l l e y  w i r e - r a i l  a l l  of t h e  br idg ing  
loads  t h a t  impede c a r r i e r  s i g n a l  propaga- 
t i on .  The s t e p s  i n  t h i s  process  fol low: 

1. I d e n t i f y  t h e  br idg ing  loads.  
L i s t  a l l  t h e  br idg ing  loads  ac ros s  t h e  
t r o l l e y  wi re - ra i l .  Consult f i g u r e  5-7 t o  
e s t i m a t e  t h e  s e r iousnes s  of t h e  impedi- 
ment t o  c a r r i e r  s i g n a l  propagat ion t h a t  
each load r ep re sen t s .  

2. Determine which loads  can be 
removed from t h e  t r o l l e y  w i r e - r a i l  and be 
opera ted  from mine a c  power. 

For p r a c t i c a l  reasons ,  phys ica l  
removal of b r idg ing  loads  has severe  l i m -  
i t a t i o n s .  Ce r t a in  c r i t i c a l  l oads ,  in- 
c lud ing  r e c t i f i e r s ,  v e h i c l e s ,  l i g h t s ,  
motors,  and c a r r i e r  phones themselves,  
cannot be removed from t h e  t r o l l e y  wire- 
r a i l .  I n  some in s t ances ,  none of t h e  
loads  can be removed from t h e  t r o l l e y  
w i r e - r a i l ,  and e f f o r t s  t o  improve s i g n a l  
propagat ion must involve o t h e r  methods. 

S tud i e s  conducted have revea led  
a l t e r n a t i v e  ways of i nc reas ing  t h e  range 

HEATERS 

RECTIFIERS 
and q u a l i t y  of e x i s t i n g  t r o l l e y  c a r r i e r  
phone systems. These methods include-- 

50 

I s o l a t e d  loads a t  t h e  c a r r i e r  

\ frequency 

Using a  dedicated l i n e  

Using a  remote t r a n s c e i v e r  

5.3. l a  I s o l a t i n g  Loads a t  t h e  C a r r i e r  
Frequency 

Figure 5-7 shows t h a t  a s  t h e  bridg- 
i n g  r e s i s t a n c e  i s  increased ,  t h e  s i g n a l  0 I 

BRIDGING LOAD (OHMS1 

l o s s  decreases .  The " i s o l a t i n g  loads" 
method involves  adding pass ive  c i r c u i t  

FIGURE 5-7. - Signal loss versus bridging load. elements ( i nduc to r s  and c a p a c i t o r s )  i n  



s e r i e s  w i th  t h e  p a r t i c u l a r  load t o  reduce 
t h e  e f f e c t s  of t h e  br idging  load. The 
c i r c u i t  elements do no t  a f f e c t  dc equip- 
ment (motors, l i g h t s ,  e tc . )  being powered 
from t h e  t r o l l e y  wire ,  bu t  they do, i f  
p roper ly  chosen, add high impedance a t  
t h e  c a r r i e r  frequency. R e c t i f i e r s ,  heat- 
e r s ,  and veh ic l e  l i g h t s  a r e  t he  br idging 
loads '  t h a t  most s e r i o u s l y  degrade re- 
ceived s i g n a l  l e v e l s  and should be 
t r e a t e d  f i r s t  t o  improve received s i g n a l  
l e v e l s .  

5.3.1a.i R e c t i f i e r s  

There a r e  t h r e e  means of r a i s i n g  the  
e f f e c t i v e  c a r r i e r  frequency impedance of 
a r e c t i f i e r .  The most p r a c t i c a l  method 
depends on where t h e  r e c t i f i e r  is in- 
s t a l l e d .  I f  it is loca t ed  r e l a t i v e l y  f a r  
from t h e  r a i l  (beyond 40 f e e t ) ,  , t h e  feed 
w i r e s  r ep re sen t  s u f f i c i e n t  inductance 
t h a t  can be resonated,  thereby r a i s i n g  
t h e  e f f e c t i v e  impedance a s  seen  by t h e  
t r o l l e y  wi re - r a i l  ( f i g .  5-8A ). I f  t h e  
r e c t i f i e r  setback is s h o r t  ( l e s s  than 40 
f e e t ) ,  two techniques can be used t o  
r a i s e  t he  e f f e c t i v e  impedance: (1)  A 
f i x e d  high-current inductor  can be added 
i n  s e r i e s  wi th  t h e  r e c t i f i e r  and t h a t  
i nduc to r  can then be tuned t o  r a i s e  t h e  
e f f e c t i v e  impedance ( f i g .  5-8B) ; o r  
(2)  t h e  inductance of t he  t r o l l e y  wire- 
r a i l  can be used t o  resonate  s h o r t  sec- 
t i o n s  of t h e  t r o l l e y  wi re - r a i l  near  t h e  
br idging  load t o  r a i s e  t h e  e f f e c t i v e  
b r idg ing  impedance ( f i g .  5-8C). The ways 
o f  applying each of t h e s e  means a r e  de- 
s c r i b e d  below. 

a .  Resonating t h e  Feed Wire Inductance 

The fol lowing s t e p s  a r e  requi red  t o  
tune  the  r e c t i f i e r  feed  wires: 

1. Attach a 1,000-volt (some sys- 
tems may r e q u i r e  even h igher  vol tage  com- 
ponents ) ,  1 -  o r  l a r g e r ,  oi l - f  i l l e d  
c a p a c i t o r  d i r e c t l y  ac ros s  the  p lus  and 
minus te rmina ls  i n s i d e  the  r e c t i f i e r .  
(This  c a p a c i t o r  s e r v e s  t o  r e j e c t  
r ec t i f i e r -gene ra t ed  i n t e r f e r e n c e  i n  t h e  
c a r r i e r  frequency band.) 

2. At t h e  f a r  end of t h e  f eede r  
w i r e s ,  as near  t o  t h e  t r o l l e y  wi re - r a i l  

FEED WlRE INDUCTANCE 

RECTIFIER 

ADDEDTUNING CAPACITOR 

- 
A. RESONATING THE FEED WlRE INDUCTANCE 

-- - 
B.  RESONATING AN ADDED FIXED INDUCTANCE 

TROLLEY WlRE 
INDUCTANCE RECTIFIER 

- 

CAPACITOR CAPACITOR - - 
C. RESONATING THE TROLLEY WIRE/RAIL INDUCTANCE 

FIGURE 5-8. - Ways of raising the impedance 

of a rectifier. 

a s  p r a c t i c a l ,  i n s t a l l  the  temporary t e s t  
s e t  shown i n  f i g u r e  5-9. This t e s t  s e t  
comprises a decade capac i to r ,  i s o l a t i n g  
and p ro t ec t ion  devices ,  and a tuned 
vol tmeter .  Usually two feed wires  a r e  
r u n  from t h e  r e c t i f i e r  t o  t h i s  point .  
Only one need be t r ea t ed .  

3. The d i spa t che r  is c a l l e d  from a 
j eep  parked nearby and asked t o  key on 
h i s  t r a n s m i t t e r  f o r  20 seconds o r  so. 
The decade capac i to r  box is switched 
through i ts  range of ope ra t ion  and l e f t  
a t  t h e  pos i t i on  of maximum s i g n a l ,  as 
ind ica t ed  by t h e  tuned voltmeter.  (The 
decade box should have enough range 
t o  peak the  vol tmeter . )  This value of 
s i g n a l  should be l a r g e r  than when the  
decade capac i to r  is a t  i ts  off  pos i t ion .  
The two values--the vol tage  when the  dec- 
ade capac i to r  is  of f  and the  maximum 
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FIGURE 5-9. - Test configurations for tuning FIGURE 5-10. - Permanent installationof tun- 

feeder wire, ing elements for feeder wire. 

WARNING 

Some of t h e s e  procedures  a r e  undertaken wi th  t h e  t r o l l e y  wire  energized;  there-  
f o r e ,  they  a r e  extremely hazardous. Extreme cau t ion  must be exe rc i sed  t o  avoid 
p o t e n t i a l l y  l e t h a l  shock. The f u s e s  used i n  t h e  t e s t  l eads  s e r v e  only  t o  p r o t e c t  
equipment and do not  i n  any way reduce t h e  shock hazard t o  personnel.  Only per- 
sonnel  thoroughly f a m i l i a r  wi th  e l e c t r i c a l  work on t r o l l e y  wires  should conduct 
t h e s e  procedures.  The permanent connection of components should be done wi th  
power removed. Care should a l s o  be taken t o  i n s u r e  t h a t  components and equipment 
a r e  s u i t a b l e  f o r  u s e  i n  t h e  d e s i r e d  app l i ca t ion .  

value--should be logged, p re fe rab ly  on a 
mine map. There should be an  apprec iab le  
i n c r e a s e  i n  vol tage  f o r  t h i s  condi t ion ,  
a t  l e a s t  1 1/2 t o  1, and i n  some in-  
s t a n c e s  up t o  10 t o  1. The va lue  of t h e  
capac i tance  t h a t  produces t h e  maximum 
vo l t age  should be noted from t h e  value 
i n d i c a t e d  on t h e  decade capac i to r ,  and a 
s u i t a b l e  capac i to r  of t h a t  value should 
then  be i n s t a l l e d  i n  a permanent fash ion ,  
as shown i n  f i g u r e  5-10. When t h i s  in -  
s t a l l a t i o n  has been made, a f i n a l  check, 
u s ing  t h e  tuned vol tmeter ,  should be made 
t o  a s c e r t a i n  t h a t  t h e  o r i g i n a l l y  i nd i -  
ca t ed  increased  vol tage  i s  obtained. 

For t h i s  procedure, i t  i s  important 
t h a t  t h e  tuned vol tmeter  be tuned t o  t h e  
p r e c i s e  t ransmiss ion  frequency of t h e  

d ispa tcher .  A prel iminary t e s t  can 
e a s i l y  a s c e r t a i n  t h a t  t h i s  condi t ion  has 
been met by sweeping t h e  tun ing  d i a l  of 
t h e  tuned vol tmeter  through t h e  region 
near  t he  t r ansmi t t ed  frequency and leav-  
i n g  i t  at t h e  p o s i t i o n  where maximum 
response is indica ted .  

b. Resonating an Added Fixed Inductance 

When t h e  setback is s h o r t ,  an  added 
inductor  made of a c o i l  of f eede r  wire  
may be used t o  provide a s e r i e s  induct-  
ance t h a t  can be tuned. Because f eede r  
wire  is  expensive, a c o i l  i n  t h e  so- 
c a l l e d  Brooks form, which y i e l d s  t h e  max- 
imum inductance per  l eng th  of wire,  
should be used. See Appendix A (Mine E )  
f o r  an a c t u a l  i n s t a l l a t i o n  example. 



The approximate form is  shown i n  
f i g u r e  5-11. A reasonable bending r ad ius  
f o r  t h e  t y p i c a l  thousand-circular-mils 
c a b l e  used f o r  such f eede r  wires  is  2 
f e e t ;  t h e r e f o r e  t h i s  dimension is approx- 
imately f ixed.  Four t u r n s  a t  t h i s  diam- 
e t e r  y i e l d  an inductance of approximately 
25 )H, which is  adequate  f o r  tuning most 
r e c t i f i e r s .  The c o i l  should be i n s t a l l e d  
i n  t h e  room i n  which t h e  r e c t i f i e r  i s  lo-  
c a t e d  and should be kept  a few f e e t  away 
from t h e  coa l  t o  prevent  added l o s s e s  a t  
t h e  c a r r i e r  frequency. The exact  va lue  
of inductance is unknown, so t h e  c o i l  
w i l l  have t o  be tuned i n  much the  same 
manner a s  d i scussed  previously f o r  reso- 
n a t i n g  t h e  f eede r  wires .  

F igure  5-12 i l l u s t r a t e s  t h e  test 
se tup .  The d i spa t che r  is c a l l e d  and 
asked f o r  a 20-second t ransmission.  The 
decade capac i to r  is  switched through i ts  
p o s i t i o n s  and l e f t  a t  t h e  p o s i t i o n  t h a t  
y i e l d s  t h e  maximum voltage.  (The decade 
box should have enough range t o  peak t h e  
vol tmeter . )  The received vol tage  wi th  
t h e  decade capac i to r  i n  t h e  "off"  posi- 
t i o n  and t h e  maximum vol tage  should be 
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FIGURE 5-1 1. - Co i l  form. 

noted,  preferab ly  on a mine map. When 
t h e  b e s t  capac i to r  va lue  has been found 
i n  t h i s  manner, t h e  t e s t  s e t  is re- 
moved and a s u i t a b l e  capac i to r  of t he  
va lue  found during the  test is perma- 
nen t ly  a t tached  t o  t h e  c o i l ,  as shown i n  
f i g u r e  5-13. When completed, a l a s t  test 
i s  made t o  v e r i f y  t h a t  t h e  improved s ig-  
n a l  recept ion  i s  obtained. 

c. Resonating t h e  Tro l ley  Wire-Rail 
Inductance 

A method t h a t  can be appl ied  i f  t h e  
r e c t i f i e r  setback is s h o r t ,  and i t  would 
be imprac t i ca l  t o  i n s t a l l  a f ixed  induc- 
t o r  i n  s e r i e s  wi th  t h e  r e c t i f i e r  feed 
w i r e s ,  is t o  tune t h e  t r o l l e y  wi re - r a i l  
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FIGURE 5-12. - T e s t  s e t u p  for t u n i n g  f i x e d  
i n d u c t a n c e .  
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FIGURE 5-13. - Permanent attachment of tun- 

ing capacitor to fixed inductor. 

a s  shown i n  f i g u r e  5-86'. The s t e p s  a r e  
descr ibed  below: 

1. Locate a p o s i t i o n  about 80 f e e t  
a long  t h e  t r o l l e y  w i r e - r a i l  from t h e  
p l ace  where t h e  r e c t i f i e r  feed wires  
a t t a c h  t o  t h e  t r o l l e y  wi re - ra i l .  I n s t a l l  
t h e  t e s t  s e t  a s  i l l u s t r a t e d  i n  f i g u r e  5-9 
between t h e  t r o l l e y  wi re  and r a i l .  
Request t h e  d i spa t che r  t o  t ransmi t  f o r  
about 20 seconds. Switch t h e  capac i to r  
box through i t s  va lues  t o  f i n d  a maximum 
s i g n a l  l e v e l ,  a s  i nd i ca t ed  on t h e  tuned 
vol tmeter .  (The decade box should have 
enough range t o  peak t h e  vo l t age  l eve l . )  
Note t h e  va lue  wi th  t h e  decade capac i to r  
i n  t h e  "off"  p o s i t i o n  and t h e  value t o  
maximum s i g n a l ,  and l i s t  t h e s e  va lues  on 

a mine map. Remove t h e  test f i x t u r e ,  and 
i n s t a l l  permanently a s u i t a b l e  capac i to r  
of t h e  i nd i ca t ed  value. Request another  
t ransmiss ion  t o  v e r i f y  t h a t  t h e  s i g n a l  
improvement observed dur ing  t h e  test was 
maintained a f t e r  permanent i n s t a l l a t i o n .  

2. Repeat t h e  same procedure a s  i n  
s t e p  1 ,  but a t  a p lace  i n  t h e  oppos i te  
d i r e c t i o n  along t h e  t r o l l e y  w i r e - r a i l ;  
t h a t  i s ,  80 f e e t  o r  s o  on t h e  o t h e r  s i d e  
of t h e  feed poin t .  Keep records  as  
be£ ore.  

3. Return t o  t h e  f i r s t  po in t  and 
measure and record t h e  s i g n a l  l e v e l  f o r  a 
d i s p a t c h e r ' s  t ransmission.  

5 .3 . l a . i i  Heaters 

Personnel  h e a t e r s  wi th  a wide range 
of wattage r a t i n g s  a r e  used; however, 
1,000 wat t s  is  l i k e l y  t o  be t h e  lowest ,  
and each h e a t e r  of t h i s  r a t i n g  o r  h igher  
poses a s i g n i f i c a n t  s i g n a l  l o s s  t o  t h e  
c a r r i e r  system. Such h e a t e r s  w i l l  range 
i n  r e s i s t a n c e  from 360 ohms f o r  a 1-kW 
u n i t  on a 600-volt l i n e  t o  18 ohms f o r  a 
5-kW u n i t  on a 300-volt l i n e .  Current 
w i l l  range from 1.5 t o  17 amperes f o r  
corresponding condi t ions .  Unlike recti- 
f i e r  c u r r e n t s ,  t h e s e  h e a t e r  c u r r e n t s  a r e  
s u f f i c i e n t l y  low t h a t  commercial induc- 
t o r s  can be used untuned t o  provide 
i s o l a t i o n  of h e a t e r s ,  thereby avoiding 
t h e  s t e p  of i nd iv idua l ly  tuning each 
i s o l a t o r .  

To r a i s e  t he  impedance l e v e l  t o  
300 ohms a t  100 kHz us ing  an untuned 
inductance r equ i r e s  an i nduc to r  of 
500 pH. While it would be convenient t o  
f i n d  a s i n g l e  induc tor  usab le  f o r  a l l  
such loads ,  t h e  wide range of d i r e c t  
c u r r e n t s  t h a t  must be handled (1.5 t o  
17 amperes) makes it necessary t o  s e l e c t  
each induc tor  on an i nd iv idua l  b a s i s .  

The procedure f o r  t r e a t i n g  personnel  
h e a t e r s  fol lows:  Locate t h e  h e a t e r  e l e -  
ment. Measure t h e  c a r r i e r  frequency 
v o l t a g e  a t  t h i s  load ,  us ing  t h e  tuned 
vol tmeter  and a d i s p a t c h e r ' s  t ransmis-  
s ion .  Note t h i s  value on a m i n e  map. 
Disconnect t h e  h e a t e r  and permanently 



a t t a c h  a 500-pH induc to r  i n  s e r i e s  w i th  
t h e  element. Reconnect t h e  h e a t e r  and 
measure t h e  vo l t age  produced ac ros s  t h e  
h e a t e r  and induc to r  i n  s e r i e s ,  us ing  t h e  
tuned vol tmeter  and a d i s p a t c h e r ' s  t r a n s -  
mission. An improvement i n  vo l t age  of up 
t o  10 t o  1 can be expected. Note t h e  new 
rece ived  vo l t age  on t h e  mine map. Repeat 
t h i s  ' procedure f o r  each personnel  
hea t e r .  

5 . 3 . l a . i i i  Vehicle Lights  

Mine veh ic l e s ,  i nc lud ing  locomo- 
t i v e s ,  j eeps ,  and p o r t a l  buses ,  a l l  draw 
s u b s t a n t i a l  power from t h e  t r o l l e y  wire.  
Much of t h i s  power i s  used f o r  motive 
purposes.  Motors r ep re sen t  a r e l a t i v e l y  
h igh  impedance a t  t r o l l e y  c a r r i e r  f r e -  
quenc ies ,  p a r t i c u l a r l y  f o r  j eeps  and por- 
t a l  buses and t o  a lesser e x t e n t  f o r  
locomotives.  However, a p a r t  of t h e  
power is  used f o r  head l igh t s  on t h e  
veh ic l e s .  Most convent ional  veh i c l e s  u se  
150-watt, 32-volt, PAR-type l i g h t s  f o r  
t h i s  purpose. The d i f f e r e n c e  between 
32 v o l t s  and t h e  t r o l l e y  vo l t age  is  taken  
up wi th  a b a l l a s t  r e s i s t o r .  A s i n g l e  
l i g h t  c i r c u i t  of t h i s  type p r e s e n t s  a 
r e s i s t a n c e  of about 50 ohms on a 300-volt 
c i r c u i t  and about 110 ohms on a 600-volt 
c i r c u i t .  Because some veh ic l e s  u se  two 
l i g h t s  a t  a t i m e ,  and some only one, t h e  
b r idg ing  loads represen ted  by t h e  v e h i c l e  
l i g h t s  range from 110 t o  25 ohms pe r  
veh i c l e .  These va lues  a r e  s u f f i c i e n t l y  
low t h a t  t rea tment  i s  des i r ab l e .  

The procedure f o r  t r e a t i n g  v e h i c l e  l i g h t s  
fo l lows  : I n s e r t  a 10-ampere, 500-pH 
i n d u c t o r  i n  series wi th  t h e  l i g h t  c i r c u i t  
of each vehic le .  Make s u r e  t h a t  t h e  
i nduc to r  i s  only i n  series w i t h  t h e  l i g h t  
c i r c u i t  and is  not  i n  series wi th  t h e  
motor o r  t r o l l e y  phone c i r c u i t s .  Because 
of t h e  v a r i a b l e  cond i t i ons  faced  by t h e  
v e h i c l e s ,  i t  i s  not  of much u t i l i t y  t o  
check t h e  before  and a f t e r  c a r r i e r  f r e -  
quency vo l t ages  found on v e h i c l e s ,  but  
t h e  tuned vol tmeter  could be used f o r  
t h i s  purpose i f  s o  des i red .  

5 . 3 . l a . i ~  Other Loads 

Other loads can a l s o  adverse ly  
a f f e c t  propagat ion on t h e  t r o l l e y  wire- 
r a i l ;  f o r  example, s i g n a l  and i l lumina-  
t i o n  l i g h t s .  As noted e a r l i e r ,  an  i n d i -  
v idua l  l i g h t  bulb,  o r  a s t r i n g  of such 
l i g h t s ,  does not  impose much i n s e r t i o n  
l o s s .  However, i f  t h e r e  a r e  many l i g h t s ,  
t h e  t o t a l  e f f e c t  could be s u b s t a n t i a l .  A 
way t o  e s t ima te  whether such l i g h t s  
a f f e c t  propagat ion s i g n i f i c a n t l y  i s  t o  
count t h e  number of l i g h t s  on t h e  t r o l l e y  
w i r e - - r a i l  between t h e  d i s p a t c h e r  and t h e  
f a r t h . e s t  p l ace  i n  t h e  mine, and c a l c u l a t e  
t h e  t o t a l  b r idg ing  r e s i s t a n c e .  Approxi- 
mate value of l o s s  versus  br idg ing  load  
can ble es t imated  from f i g u r e  5-7. I f  t h e  
t o a l  l o s s  i s  less than  6 dB, only margin- 
a l  im~provements w i l l  r e s u l t  from t r e a t i n g  
these  l i g h t s .  I f  t h e  l o s s  i s  more t han  
6 dB, cons ide ra t i on  should be given t o  
t r e a t i n g  t h e  l i g h t s .  It would be a r a th -  
er unusual s i t u a t i o n  t o  f i n d  l i g h t s  t h a t  
r e a l l y  represen ted  a s i g n i f i c a n t  impedi- 
ment t o  propagat ion of a t r o l l e y  wire-  
r a i l .  However, when marginal s i g n a l  lev-  
els e x i s t ,  t h e  l i g h t s  could w e l l  make t h e  
d i f f e r e n c e  between marginal and f u l l y  
u sab l e  s i g n a l  l e v e l s .  

The most e f f e c t i v e  way t o  t r e a t  such 
l i g h t , s  would be t o  t ake  them of f  t h e  l i n e  
and ope ra t e  them from t h e  a c  system. 
This  p r a c t i c e  i s  being used i n  some of 
t h e  newer mines. In  o l d  mines, where a c  
power i s  not a v a i l a b l e ,  l i t t l e  can be 
done. In some i n s t a n c e s ,  t h e  power r a t -  
i n g  of t h e  l i g h t s  could be reduced, 
there!by r a i s i n g  t h e  value of t h e  br idg ing  
impedlance. Fixed induc to r s  could a l s o  be 
used but would only have smal l  e f f e c t s  
because t h e  l i g h t  s t r i n g s  ( t y p i c a l l y  
t h r e e  100-watt, 115-vol t  l i g h t s  i n  s e r i e s  
i n  a 300-volt system) a l ready  have a 
f  air1.y high r e s i s t a n c e  (approximately 300 
ohms f o r  t h e  example above). 

Other loads a r e  comprised of such 
equipment a s  pumps and o t h e r  motor- 
drivein devices .  However, t h e s e  devices  



gene ra l ly  have high enough impedances and 
a r e  placed s o  in f r equen t ly  t h a t  they re- 
s u l t  i n  minimal loading e f f e c t s .  

5.3.lb Using a Dedicated Wire 

A s  previously mentioned, t h e  t r o l l e y  
w i r e - r a i l  is  an  i n e f f i c i e n t  t ransmiss ion  
p a t h  because of t h e  many loads t h a t  e x i s t  
on t h e  l i n e .  In  t h e  dedicated-wire tech- 
n ique ,  an independent wi re  ( c a l l e d  t h e  
"dedicated wire")  is  run down t h e  en t ry-  
way wi th  t h e  t r o l l e y  l i n e  on the  wide 
s i d e ,  but not  connected t o  t h e  t r o l l e y  
l i n e  i n  any manner. 

Such a wire ,  s i n c e  i t  i s  unloaded, 
has  a very low a t t e n u a t i o n  rate. There- 
f o r e ,  i f  a s i g n a l  is  t r ansmi t t ed  on t h e  
ded ica t ed  wire ,  t h e  s i g n a l  s t r e n g t h  re-  
mains high. Since t h e  t r o l l e y  l i n e  and 
ded ica t ed  wire  a r e  l oca t ed  i n  t h e  same 
e n t r y ,  t h e r e  is  a mutual e lec t romagnet ic  
coupl ing  between them. (The e f f e c t s  of 
loads  on t h e  t r o l l e y  l i n e  a r e  t r a n s f e r r e d  
t o  t h e  dedica ted  wire ,  and t h e  high s i g -  
n a l  on t h e  dedica ted  wire  i s  t r a n s f e r r e d  
t o  t h e  t r o l l e y  l i n e .  ) For tuna te ly ,  i f  
t h e  s e p a r a t i o n  between t h e  two i s  l a r g e  
enough (9 f e e t  o r  more), t h e  loading e f -  
f e c t s  of t h e  t r o l l e y  l i n e  a r e  only weakly 
t r a n s f e r r e d  t o  t h e  dedica ted  wire ,  s o  
t h a t  t h e  a t t e n u a t i o n  rate s t a y s  low. But 
a t  t h e  same time, t h e  high s i g n a l  l e v e l s  
on t h e  dedica ted  wi re  a r e  s t rong ly  cou- 
p l ed  t o  t h e  t r o l l e y  l i n e .  The n e t  r e s u l t  
i s  t h a t  commnicat ion is  now p o s s i b l e  i n  
a r e a s  where i t  was not  poss ib l e  before.  
The procedure f o r  developing a system 
based on a dedica ted  wi re  i s  d iv ided  i n t o  
t h e  fo l lowing  t h r e e  s teps :  

1. Routing.--Ascertain from a mine 
map t h e  a r e a  of coverage des i red ,  con- 
s i d e r i n g  t h a t  t h e  d i spa t che r  p o s i t i o n  i s  
t h e  key pos i t ion .  Mark out  on t h i s  map a 
r o u t e  f o r  a s i n g l e  l i n e  t h a t  runs i n  t h e  
same entryway a s  t h e  t r o l l e y  w i r e - r a i l  t o  
which communication i s  des i red .  Avoid 
branches on t h i s  route ,  I f  necessary,  
u se  a second o r  t h i r d  such rou te  t o  cover 
a l l  reg ions  of t h e  mine. Short  s ide-  
t r a c k s  need not  be covered i n i t i a l l y .  If 
a branch on t h e  rou te  w i l l  cover t he  
d e s i r e d  reg ion  wi th  l e s s  l eng th  of wire ,  

use a branch, but minimize t h e  number of 
branches. 

2. In s t a l l a t i on . - - Ins t a l l  t h e  wire ;  
No. 10 o r  No. 12 wire  i s  w e l l  s u i t e d  t o  
t h e  task.  Copper-weld cons t ruc t ion  is 
recommended f o r  s t r e n g t h  and i n t e g r i t y .  
This wire  must be i n s u l a t e d  and a l s o  he ld  
away from t h e  r i b  o r  roof f o r  a t  l e a s t  - 
3 inches.  I n s t a l l a t i o n  must be on t h e  
wide s i d e  of t h e  e n t r y ,  and t h e  wire  
should be loca t ed  f o r  l e a s t  exposure t o  
damage. A t  t h e  f a r  ends of each l i n e ,  
t h e  wire  i s  terminated by a 200-ohm, 
10-watt r e s i s t o r  t o  t h e  rail ,  a s  i l l u s -  
t r a t e d  i n  f i g u r e  5-14. I f  branches a r e  
used, s i g n a l - s p l i t t i n g  r e s i s t o r s  must be 
included ( f ig .  5-15) t o  reduce s i g n a l  
a t tenuat ion .  

3. Connection of Transmit ter .  --Upon 
completion of t h e  i n s t a l l a t i o n  of t he  
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FIGURE 5-14, - Termination of the dedicated wire. 



,--UTILITV BOX 

/ rFUSE HOLDERS 131 
/ 

DtDlCATE-D WIRE I 1 DEDICATED WIRE 

BRANCH 

RESISTORS 
67 O H M  10 WATTS 

FIGURE 5-15. - Signal spl i t ter.  

special-purpose w i r e ,  t h e  d i spa t che r ' s  
t r a n s m i t t e r  should be d i r e c t l y  connected 
t o  t h e  end o r  ends of t h e  wire  t h a t  con- 
verge on t h e  d i spa t che r ' s  s t a t i o n .  The 
r e t u r n  wire  of t h e  t r a n s m i t t e r  should go 
t o  e a r t h  o r  t o  t h e  rail. 

A s  noted before ,  t h e  use  of branches 
should be minimized, When t h e  r o u t e s  a r e  
s h o r t ,  (considerably l e s s  t han  10 mi l e s ) ,  
r e s o r t  can be made t o  branches on a dedi- 
c a t e d  wire.  When more than  one wire  i s  
used, they should be run i n  s e p a r a t e  en- 
tryways. The reason t h a t  branches a r e  
undes i r ab le  i s  t h a t  a branch reduces t h e  
s i g n a l  l e v e l  by 2 t o  1 ( 6  dB). On s h o r t  
runs ,  such a l o s s  can be t o l e r a t e d ,  but 
on runs approaching 10 miles, such a l o s s  
may be t o o  high. 

5.3. 1c Using a Remote Transceiver  

Frequent ly t h e  d i spa t che r  i s  loca t ed  
a t  one edge of t h e  mine complex. I f  t h i s  
i s  t h e  case,  t he  communication range 
r equ i r ed  must be ex tens ive  i n  order  t h a t  
t h e  d i spa t che r  be a b l e  t o  reach motormen 
on t h e  oppos i te  s i d e  of t h e  mine. In  
some in s t ances ,  a convenient way of solv-  
i n g  t h e  d i spa t che r ' s  problem i s  t o  use  a 
remote t r ansce ive r  l oca t ed  a t  t h e  most 
f avo rab le  p lace  f o r  reaching a l l  p a r t s  of 
a mine complex. The l o c a t i o n  of such a 
remote t r a n s c e i v e r  is  l i k e l y  t o  be near  
t h e  c e n t e r  of t h e  r a i l  haulage system of 

t h e  mine, although i n  c e r t a i n  circum- 
s t a n c e s  moving i t  somewhat away from 
such a c e n t e r  might produce more favor-  
a b l e  r e s u l t s .  

A s  an  example of what might be 
achieved by t h i s  means, consider  a d i s -  
pa tcher ' s  p o s i t i o n  f o r  which the  s i g n a l  
a t t e n u a t i o n  i s  80 dB from h i s  p o s i t i o n  t o  
t h e  f a r t h e s t  reach of t h e  mine. This a t -  
t enua t ion  means t h a t  an i n i t i a l  25-volt 
rms s i g n a l  provided by t h e  d i spa t che r ' s  
t r a n s m i t t e r  would be reduced t o  2.5 mV a t  
t h e  f a r t h e s t  reach of t he  mine. This 
l e v e l  of s i g n a l  is  marginal,  and thus  t h e  
d i spa t che r  would have poor communication 
t o  those  motors on t h e  f a r  s i d e  of t he  
mine. I f  t he  d i spa t che r ' s  t r ansce ive r  
were moved t o  t h e  cen te r  of such a mine, 
t h e  s i g n a l  a t t e n u a t i o n  should drop t o  
one-half, o r  40 dB, from t h i s  c e n t r a l  po- 
s i t i o n  t o  t h e  ex t r emi t i e s  of t he  mine. 
The 40 dB of a t t e n u a t i o n  would provide 
s i g n a l  l e v e l s  of 250 mV a t  t h e  extremes 
of t h e  mine, 100 t imes bigger  than  would 
r e s u l t  i f  t h e  d i spa t che r ' s  t r a n s m i t t e r  
were loca t ed  a t  one edge of t h e  mine. 

Such a s u b s t a n t i a l  improvement i n  
s i g n a l  l e v e l s  throughout t h e  mine would 
change an otherwise marginal opera t ion  
i n t o  a completely adequate communication 
system. In so fa r  a s  t h e  i s p a t c h e r  is  
concerned, h i s  ope ra t ion  would remain t h e  
same. He would s t i l l  have t h e  c a r r i e r  
phone speaker and microphone loca t ed  a t  
h i s  d i spa tch ing  pos i t i on ;  however, t h e  
c o n t r o l  and audio s i g n a l s  would be t r ans -  
mi t ted  from h i s  pos i t i on  through a 
twis ted  sh i e lded  p a i r  t o  t h e  remote 
t r a n s c e i v e r  ( f i g .  5-16). Thus, i t  would 
be necessary t o  run an  audio cable  f o r  
whatever d i s t a n c e  was necessary t o  reach 
t h e  cen te r  of the  mine. In  mines where 
mul t ipa i r  te lephone cable  is  used, a p a i r  
may be a v a i l a b l e  f o r  t h i s  purpose. I f  
no t ,  t h e  expense and inconvenience of in -  
s t a l l i n g  such a cable  would be j u s t i f i e d  
t o  a s su re  adequate coverage f o r  t h e  d i s -  
pa tcher ' s  commnicat ion system. 
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FIGURE 5-16. - Dispatcher's remote transceiver. 

5.3.ld Summary 

A s u b s t a n t i a l  number of t h e  problems 
a s s o c i a t e d  wi th  maintaining good t r o l l e y  
comuunication systems can be avoided by 
advanced planning. For those  planning a 
comuunication system f o r  a new mine, t h e  
fo l lowing  sugges t ions  a r e  o f f e red  t o  as -  
s u r e  optimum opera t ion  of t he  t r o l l e y  
c a r r i e r  phone system when i n s t a l l e d :  

1. I f  t he  t r o l l e y  wire  i s  sec t ion-  
a l i z e d ,  make s u r e  capac i to r s  ( 5  pF, 
1,000 v o l t s )  (some systems may r e q u i r e  
even h igher  vol tage  components) t i e  t h e  
s e c t i o n s  together .  

2. Plan t o  ope ra t e  a s  many aux i l -  
i a r y  loads  a s  i s  p r a c t i c a b l e  on mine a c  
power r a t h e r  t han  from t h e  t r o l l e y  wi re  
power. 

3. Consider t h e  use  of a dedica ted  
w i r e  t o  a i d  s i g n a l  propagation. 

4. Se l ec t  c a r r i e r  phone t ransce iv-  
e r s  t h a t  show a high value of standby 
impedance. 

5. I n s i s t  t h a t  veh ic l e  manufactur- 
e r s  i n d i c a t e  t h e  88- t o  100-kHz opera t ing  
impedance of t h e i r  veh ic l e s ,  and s e l e c t  
veh ic l e s  t h a t  show high ope ra t ing  imped- 
ance a t  t h e  c a r r i e r  frequency. 

6. If poss ib l e ,  use a t  l e a s t  a 50- 
f o o t  setback f o r  r e c t i f i e r s  t h a t  a r e  t o  
be i n s t a l l e d  i n  t h e  mine; t h i s  se tback  
w i l l  permit tun ing  of t h e  r e c t i f i e r  l eads  
t o  r a i s e  t h e  impedance of t h e  r e c t i f i e r .  

7. Ask t h e  r e c t i f i e r  manufacturers 
t o  supply i n t e r n a l  f i l t e r s  i n  s e r i e s  w i th  
t h e  vol tage  t o  r a i s e  t h e  c a r r i e r  f r e -  
quency impedance t o  a high l eve l .  

8. Plan and design i s o l a t o r s  f o r  
a l l  o the r  app rec i ab le  br idging  loads 
ac ros s  t h e  t r o l l e y  wi re  r a i l .  

5.3.2 Improving Telephone Systems 

A s  mentioned e a r l i e r ,  hardwired 
phone systems f a l l  i n t o  t h r e e  major cate-  
go r i e s :  s i n g l e  p a i r  (pa r ty - l i ne ) ,  m u l t i -  
p a i r ,  and mul t ip lex  phone systems. A ma- 
j o r  disadvantage of s i n g l e - p a i r  systems 
i s  t h a t  each te lephone must be used i n  a 
par ty- l ine  arrangement. This  prevents  
simultaneous conversat ions i n  t h e  system 
and reduces i ts  usefu lness  f o r  d i scuss ing  
maintenance problems o r  o t h e r  uses  t h a t  
can t i e  up t h e  system f o r  long per iods  of 
time. Mul t ipa i r  and mul t ip lex  systems 
provide f o r  many simultaneous conversa- 
t i o n s  but u n t i l  r e c e n t l y  d id  not  possess  
t h e  paging a b i l i t y .  

A l l  t h r e e  of t hese  systems can usu- 
a l l y  be improved i f  t h e  b a s i c  reasons f o r  
poor performance o r  high no i se  l e v e l s  a r e  
understood. For ins tance :  

Heavier gage wire  p re sen t s  l e s s  a t -  
t enua t ion  t o  t h e  s i g n a l  and r e s u l t s  i n  
b e t t e r  coverage over  g r e a t e r  d i s tance .  

Sp l i c ing  technique has a l a r g e  e f -  
f e c t  on s i g n a l  s t r eng th .  

Twisted p a i r  cab le  can reduce n o i s e  
pickup. 



Even when proper precautions have 
been taken, all hardwired systems are in- 
herently unreliable. For example, if a 
telephone line is broken or shorted by a 
roof fall, all telephones beyond that 
point are severed from communication to 
the outside. If the line is shorted, 
communications in the entire system may 
be severely affected or lost completely. 
These deficiencies can be corrected by 
the following methods: 

Adding loopback to the phone line. 

Sectionalizing the phone system. 

5.3.2a Loopback Methods 

A major disadvantage of any wired 
phone system is its dependence upon a 
continuous phone line running throughout 
the mine. If this phone line is broken, 
communication with all phones inby the 
break is lost. Alternate communication 
paths, or loopbacks, can be established 
as shown in figure 5-17 to overcome this 
deficiency. If a line break should oc- 
cur, the loopback switch can be closed, 
allowing each and every phone to still 
communicate with all other phones in the 
system. 

Another way to implement loopback is 
to return the phone line to the main 
shaft using a different underground path. 
No matter which method of loopback is 
used, the operation of the systems is 
similar. During normal operation the 
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LOOPBACK PHONE 

\ LOOPBACK W I T C H  

LINE BREAK 

MAIN  CABLE 

loopback switch is left in the open posi- 
tion. If a line break should occur any- 
where in the underground phone line, the 
loopback switch can be closed and each 
phone will still be able to communicate 
with other phones. Depending upon the 
physical layout of the mine, forming an 
underground loop may actually require 
less wire than if a single line is strung 
with many branches running to the indi- 
vidual phones. It is imperative that the 
loopback switch be always left open under 
normal conditions to avoid "masking" line 
breaks. 

Another method of establishing loop- 
back is by using an overland radio link. 
In this type of system the mine telephone 
signals are returned from the end of the 
line to the surface through a ventilation 
shaft or borehole. At the surface a two- 
way radio base station establishes an 
overland radio link to a second station 
near the dispatcher or general mine fore- 
man's office. Note that provisions must 
be made for dc paging. 

Each of the loopback systems de- 
scribed above utilized a loopback switch 
that during normal operation (no line 
breaks) is left in the "open" position. 
This loopback switch serves an important 
function in any loopback system. For in- 
stance, consider what would happen in 
a loopbacked system with no loopback 
switch, or if the switch is normally left 
closed. No communication outages would 
be experienced when the first line break 
occurred because each phone would still 
be connected, through one or the other 
legs of the loop, to the system. The 
problem is that unless someone under- 
ground noticed the broken phone line, 
everyone would assume that the system 
was completely intact because no c o w  
muni.cation difficulties were being exper- 
ienced. The system could operate in this 
mode for a long period of time. How- 
ever:, when a second line break occurred 
comnnxnications to and from all phones be- 

I I I tween the two breaks would be lost. Note 
also that each time the dispatcher talks 
he hears himself on the loopback phone. 
This feature alone assures that the phone 

FIGURE 5-17. - Phoneline loopback. line is intact. 



5.3.2b S e c t i o n a l i z i n g  t h e  Underground 
Network 

The d e s i r a b i l i t y  of s e l e c t i v e  area 
paging and s imul taneous  c o n v e r s a t i o n  
c a p a b i l i t y  a l o n g  w i t h  t h e  maximum p o s s i -  
b l e  use  of two-wire t r a n s m i s s i o n  l i n e  
makes t h e  u s e  of a zoning o r  s e c t i o n a l -  
i z a t i o n  of t h e  mine t e l e p h o n e  system at- 
t r a c t i v e .  I n  t h i s  method, each zone o r  
s e c t i o n  i n  t h e  underground complex is 
s e r v e d  by i t s  own c a b l e  p a i r .  

To see how t h e  t e lephone  s e c t i o n s  
would be i n t e r c o n n e c t e d ,  c o n s i d e r  t h e  
s i m p l i f i e d  f o u r - s e c t i o n  system shown i n  
f i g u r e  5-18. Within  e a c h  area, t h e  pag- 
i n g  t e l e p h o n e s  would o p e r a t e  normally.  
That is,  a l l  phones i n  each a r e a  would 
o p e r a t e  on a  p a r t y - l i n e  b a s i s .  When con- 
t a c t  w i t h  a  phone o u t s i d e  t h e  l o c a l  a r e a  
i s  d e s i r e d ,  connec t ion  t o  t h e  a r e a  being 
c a l l e d  would be made a t  an o u t s i d e  cen- 
t r a l  exchange. This  t y p e  of system could 
a l s o  be made more r e l i a b l e  by having two 
d i f f e r e n t  s i g n a l  p a t h s  ( loopbacks)  a v a i l -  
a b l e  between each  a r e a  and t h e  c e n t r a l  
exchange. 

FIGURE 5-18. - S e c t i o n o l i z o t i o n  o f  a phone system. 

5.3.3 Summary 

Advanced p lann ing  i s  e s s e n t i a l  t o  
t h e  s u c c e s s f u l  d e s i g n  and i n s t a l l a t i o n  
of any communication system. The d e s i g n  
p l a n  should t a k e  i n t o  c o n s i d e r a t i o n  
changes i n  sys tem requ i rements  t o  m e e t  
communication demands throughout  t h e  en- 
t i re  l i f e  of t h e  mine. 

S i n g l e - p a i r ,  m u l t i p a i r ,  and mul t i -  
p l e x  systems are t h e  b a s i c  c h o i c e s  a v a i l -  
a b l e  once it has  been determined t h a t  
a hardwired system w i l l  b e s t  meet t h e  
communication requirements .  A cons ider -  
a b l e  pe rcen tage  of t h e  expense involved 
i n  each  of t h e s e  systems i s  due t o  t h e  
d i s t r i b u t i o n  ( c a b l e )  network,  and advance 
p lann ing  is  e s p e c i a l l y  c r i t i c a l  i n  t h i s  
area. Wire l i n e s  t o  meet t e l e m e t r y  re- 
qu i rements  f o r  remote c o n t r o l  and inon- 
i t o r i n g  of equipment and a tmospher ic  
c o n d i t i o n s  shou ld  a l s o  be recognized.  
Note t h a t  MSHA r e g u l a t i o n s  may prohib- 
i t  running two systems i n  a  s i n g l e  
cab le .  

Methods a l s o  e x i s t  t h a t  a l low im-  
provement of systems a l r e a d y  i n s t a l l e d .  
The performance of t r o l l e y  c a r r i e r  sys-  
t e m s  can be improved by removing o r  i s o -  
l a t i n g  b r i d g i n g  l o a d s  on t h e  t r o l l e y  w i r e  
t h a t  cause  s i g n a l  a t t e n u a t i o n .  Dedicated 
l i n e s  o r  remote t r a n s c e i v e r s  can a l s o  be 
used t o  improve t h e  q u a l i t y  of t h e s e  
systems. 

General  maintenance and s p l i c i n g  
t e c h n i q u e  can have a l a r g e  e f f e c t  on t h e  
q u a l i t y  of v o i c e  s e r v i c e  over  w i r e  phone 
systems.  These systems can a l s o  be made 
more r e l i a b l e  by p r o v i d i n g  loopback 
p a t h s  s o  t h a t  each phone w i l l  remain con- 
n e c t e d  t o  t h e  sys tem i n  c a s e  of a l i n e  
break.  
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